Correct selection of spermatozoa before their using for an assisted reproductive techniques is one of the crucial step in therapy of human infertility. It was previously reported that male factor plays a major role in infertility. Basic semen analyses and standard methods for sperm selection in many cases does not eliminate sufficiently proportion of spermatozoa with genetics defects. Magnetic Activated Cell Sorting (MACS) is a selection method which reduce apoptotic sperm and improve sperm and embryo quality. The aim of our study was the comparison of swim-up method and MACS and their combination. We tested swim-up and MACS alone and treatment of spermatozoa in combination when was is first swim-up and second MACS and vice versa. In this study we evaluated sperm concentration, motility and their DNA integrity before and after separtion methods. On the basis of our results we recommend to use swim-up before MACS method. This approach brings better results in the sperm selection -lower proportion of spermatozoa with fragmented DNA and also it brings better gain of total spermatozoa usable for next IVF or ICSI methods.
Introduction
Artificial fertilization techniques still do not reach the results as we wish, so there is still considerable scope for research and development in this area. Sperm selection for assisted reproductive technics (ART) in male infertility, there is currently a trend to combine multiple methods to segregate inappropriate sperm based on multiple parameters to increase the likelihood of successful fertilization. How many methods are best combined, and whether a new MACS selection method really brings a better prognosis in terms of conception success, or from the point of view of the subsequent development of the fetus, has already been studied several times. Spermatozoa selection is one of the most important step in IVF methods. The basic method of examining the quality of human sperm is the spermiogram. However, the limiting factor of the spermiogram is that the evaluation is to a certain extent subjective and depends on the experience of the embryologist. In addition, on the basis of spermiogram, about 30 % of male infertility can not be detected because not all sperm damages that have a negative effect on fertilization have a microscopically clear morphological correlation [1, 2] . Such damage can be, for example, fragmentation of DNA, which not only aggravates the possibility of fertilization, but if the fertilization occurs, the subsequent development of the embryo can also be negatively affected. In addition, experiments on mice have shown that such offspring may have congenital problems later on [3] . Correct selection of non-damaged sperm DNA is one of the prerequisites for achieving successful fertilization and embryo development in asssisted reproductive technologies. Data from the litarature suggest that the frequency of sperm cells with massive DNA fragmentation is a marker of sperm quality and also possible predictor of fertility [4] . Magnetic activated cell sorting (MACS) using paramagnetic Annexin V-conjugated microbeads has been proposed as a safe method to selct non-apoptotic and viable sperm. Altough many reports indicate that MACS is a beneficial technique to remove apoptotic spermatozoa and provides higher IVF outcomes compared to canonical sperm selection techniques [5, 6] , the possible beneficial effects of this technique in clinical application are still debatable. The meta-analyses reported that MACS has possitive effect on IVF outcomes by better pregnancy rate and lower miscarriage rate [7] , but in IVF donation cycles MACS method does not improve reproductive outcome [8] .
The aim of our study was to compare the sperm of the conventional swim-up method with the new MACS method and also their mutual combinations to determine if MACS is really beneficial for ART and if so, how best to include it in the separation protocol.
Material and methods

Evaluation of sperm concentration and motility
The analyses of sperm concentration and motility was performed both in raw and subgrouped semen samples according WHO manual [9] . Following liquefaction for 60 min a semen drop 5 µl was loaded onto the application area of a Makler counting chamber (Medic ring containing the counting grids was applied, and a 0.1 mm 2 smear was obtained to evaluate the sperm concentration and motility. The concentration of the sample was determined by counting sperm heads in successive 10 squares. A mean was detected after counting three different 10-square-in-rows. Motility was detected using the same chambre, counting at least 200 spermatozoa per sample and calculating the sum of motile sperm percentage. For all of these evaluations was used phase contrast microscope (Nikon, Germany) with 20x magnification.
Experimental design
For the study, a total of 11 patients were selected for different separation . Each semen sample was futher subgrouped as follows: 1) native: native ejaculate without separation 2) swim-up: only swim--up separation 3) MACS: only MACS separation 4) MACS/swim-up: after MACS separation spermatozoa were separated by swim-up 5) swim-up/MACS: imediately after swim-up methods spermatozoa were selected by MACS.
Preparation of spermatozoa
Following the liquefaction of the semen sample, the total volume in each individual subject was equally divided into four mentioned subgroups.
1) Swim-up: Pipetted semen samples in a 15 ml conical centrifuge tube were twice 2 times washed in 2 ml Sperm Preparation Medium (Origio, Denmark) according manufactures instruction. After second washing spermatozoa were gently overlayered with 1 ml sperm medium (COOK, Ireland). The tube was inclined at an angle of about 45°, to increase to surface area of the semen-culture medium interface, and then incubated for 40 min at 37°C. After gently returning the tube to upright position only 100 µl from surface was collected for another analyses or appropriative spermatozoa concentartion (50 milions) was used for MACS separation.
2) MACS only: We did MACS procedure on the basic of manufacture instruction. For this technique we used MACS® GMP Annexin V Kit (Miltenyi Biotec, Germany). First step was incubation of spermatozoa with Annexin V-conjugated microbeads for 15 minutes in room temperature. Afterwards this suspension was loaded in a separation column containing iron globes, which was fitted in a magnet (MiniMACS; Milteniyi Biotec). The fraction composed of apoptotioc spermatozoa was retained in the sepa-ration column, and fraction with intact membranes was drained through the column and collected as non-apoptotic spermatozoa.
3) MACS/swim-up: Spermatozoa from this group were after MACS technique selected second time by swim-up method. After finishing of MACS separation spermatozoa were gently centrifuged and supernatant were discarded. Finally spermatoza swim to layer of 200 µl sperm medium as described before.
4) Swim-up/MACS: After first separation of spermatozoa by swim-up were adequate number of spermatozoa (50 milions according instruction for MACS method) incubated with Annexin V-conjugated microbeads for 15 minutes. Next steps was the same as descibed before in MACS groupe.
After performing of these separation technique, spermatozoa were analysed by Halosperm method. This test is focused on nuclear DNA fragmentation.
Halosperm
Sperm DNA fragmentation was assessed with the help of the improved sperm chromatin dispersion test, known as the Halosperm G2 kit. Briefly, the semen sample was diluted to 20 mil/ml in an appropriate sperm extender. Eppendorf tubes were placed in a water bath at 90-100 °C for 5 min in order the agarose to be fully melted. After 5 min of incubation and since temperature is equilibrated at 37 °C, we transfer 50 µl of the diluted semen sample to the 100 µl melted agarose tube and gently mixed with a pipette. Avoiding agarose solidification, we placed immediately 8 µl of the cell suspension onto the sample well (provided by the kit) and we cover with a coverslip. Slides were then placed on a glass plate in the refrigerator (4 °C) for 5 min in order the agarose to be solidified with the sperm cells embedded within. After taking out the slides of the fridge, the coverslips were gently removed and the slides were placed horizontally in an elevated position. Finally we applied denaturant agent on the surface and we incubated for 7 min. The slides afterwards were horizontally immersed in a lysis solution and incubated for 20 min. After washing with abundant distilled water for 5 min, the slides were dehydrated in increasing concentrations of ethanol (70% and 100% for 2 min each) and then were air-dried. For using the brightfield microscopy in this improved chromatin dispersion test, the slides were covered horizontally. Strong staining is preferred to visualise the periphery of the dispersed DNA loops halos. As provided by the ma- nufacturer spermatozoa with big and medium halo, while spermatozoa with small, without halo and degenerated were considered to be without and with fragmentation, respectively (Fig. 1A) .
The DNA fragmentation index (DFI) were calculated by the form DFI (%) = Fragmented + Degenerated/Total cells counted. For the present study, a minimum of 500 spermatozoa per sample were scored under the x100 objective of the microscope. To reduce the bias, two different technicians counted at least 250 spermatozoa each.
Statistical analysis
STATISTICA CZ, version 10 software (StatSoft, Inc., Prague, Czech Republic). Package was used to perform the statistical analysis. Data were expressed as mean ±standard error of the mean. Comparison of numeric variables between groups was performed using one-way analysis of variance. A P value 0.05 was considered statistically significant.
Ethical approval:
The research related to human use has been complied with all the relevant national regulations, institutional policies and in accordance the tenets of the Helsinki Declaration, and has been approved by the authors' institutional review board or equivalent commitee. Ethics Committee of University Hospital Brno (Brno, Czech Republic) from 20.6.2016.
Results
Assessment of sperm concentration and motility
Compared to spermatozoa concentration in native sperm samples (average 81,4 mil/ml), sperm concentration significantly decreased in all other groups separation. Statisticaly significant decreasing was observed in swim-up (23,2 mil/ml), MACS (29,6 mil/ ml) swim-up/MACS (16,8 mil/ml) and also MACS/ swim-up (23,4 mil/ml). The application of presented methods does not bring significant changes in concentration between all selection approaches ( Fig. 2A) .
Total motility was significantly higher in all approaches were we used swim-up method (92,7 %), swim-up/MACS (84,5 %) or MACS/swim-up (88,1 %) in compare with native ejaculate (52,7 %) and also MACS method alone (37,8 %) were detected significantly lower motility in compare to all other groups (Fig. 2B) . 
Evaluation of sperm DNA fragmentation
The assessment of the sperm chromatin integrity was analysed by using Halosperm kit. No signifficant differnce was observed between native (DFI 30,52 %), MACS selection (DFI 28,65 %) and combination first MACS and second swim-up method (DFI 22,7 %). However, first swim-up and later MACS method significantly reduced proportion of spermatozoa with fragmented DNA (DFI 13,8 %) and also suprisingly swim-up alone also significantly decreased proportion (DFI 18,2 %) of spermatozoa with fragmented DNA in compare to native sample (Fig. 1B) .
Indeed separation methods swim-up/MACS significantly decrease ratio of spermatozoa with fragmented DNA not only in compare with native ejaculate but also in comparison with MACS method.
Discussion
The present study evaluated the extent to which removing presumptive apoptotic sperm cells from samples of unselected males by means of MACS and combination with swim-up affects spermatozoa concentration, motility and DNA integrity.
There exist several studies compared the density gradient centrifugation (DGC) and MACS method, or a combination of these. Most of them concluded that, in particular, the mutual combinations of DGC and MACS are advantageous because the selected sperm have uncompromised higher viability and fewer apoptotic markers [6, [10] [11] [12] [13] [14] . Using of MACS method significantly reduces total and progressive sperm number in compare to fresh samples [15] . It is not be considered as a problem for ICSI cycles, but it should be taken into account in the classical IVF or IUI. From our results about motility and concentration ( Figure  2) we conclude, in context of limited input concentration (max 50 mil. spermatozoa), that MACS technic is not suitable for classical IVF and IUI.
In this study we presented that DFI of pre-MACS samples were sifnificantly higher than that of the post-MACS samples (Fig. 1) . This results are consistent to older results articles [16] . We also observed that our results are similar to those of Tavalaee et al. [12] who also reported that for using of MACS is much better to make separation as the first step before using of MACS than after MACS. Using classic methods (swim-up or DGC) in combination with MACS is very suitable because MACS does not remove contaminating seminal plasma cells, e.g., leukocytes [10, 11] . Tavalaee et al., [12] suggested that MACS before DGC is more useful for clinical sperm selection than MACS after DGC. DGC and swim-up are very freguanted systems for spermatozoa preparation. We work primary with swim-up method because it was previously reported that swim-up is, more gentle and significantly decreased proportion of fragmented spermatozoa in compare DGC [17] . The big advantage of MACS is its ability to remove apoptotic spermatozoa from sample. Some authors, however, point to a reduction in the number of progressively motile and morphologically normal sperm when using MACS, either alone or in combination [12, 15] . Ingestion of the swim--up method before using MACS is the most effective and brings the greatest benefit to the further use of sperm in the embryology lab. MACS has limitations regarding sperm concentration and volume for loading due to the small size and volume of the column. Therefore loading raw semen into the MACS column may reduce the filtering function of MACS and impede its ability to isolate motile non-apoptotic sperm, because dead/apoptotic sperm bind to the MACS column in competition with motile/non-apoptotic sperm.
Some studies have seen a higher level of fertilization when using MACS [14, 18] and other statistically significant differences do not confirm their use [19] [20] [21] . For explanation of this controversial results is very important age and reproductive status donors of fertilized oocytes. It was reported that sperm DNA fragmentation affects the pregnancy rate negatively and is caused by both male factor (DNA damage) and female factor (inability to repair DNA) [8] . Studies that tracked the number of pregnancies occurred showed their higher frequency when the MACS method was included in the selection protocol [19] [20] [21] , but in case of donation cycles was not observed any positive effect [8] .
Conclusions
Our study shows that it is appropriate to use swim-up separation before the MACS method. This approach is effective and can be advantageously used in the selection of sperm for assisted reproduction methods. Especially because it increases the proportion of non-apoptotic sperm, although at the expense of the overall reduction in the number of motile sperm.
